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SPECIFICATION /727* 

1. Title 

Turbomolecular Pump System 

2 . Claims 

A turbomolecular pump system comprising a vibration detection 
means for detecting vibration components by measuring the axial 
displacement of the turbomolecular pump and analyzing it by means of 
spectral analysis; a revolution-number detection means for detecting 
the number of revolutions of the shaft of the aforesaid pump; a 
pressure detection means for detecting the internal pressure of the 
pump; a temperature detection means for detecting the internal 
temperature of the pump; a comparison means for receiving the detected 
values from these detection means and comparing them with the preset 
abnormality-determination reference values; a storage means for 
retaining the values that are determined to be abnormal by this 
comparison means; and a warning means for issuing a warning output 
when the number of abnormality decisions made by the aforesaid 
comparison means has exceeded the allowable number of times. 



Number in the margin indicates pagination in the foreign text. 
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3. Detailed Description of the Invention 
[Industrial Field of Application] 

The present invention pertains to a turbomolecular pump system 
that can be widely applicable to various fields that utilize ultrahigh 
vacuum . 
[Prior Art] 

Turbomolecular pumps (hereinafter abbreviated as TMPs) have been 
widely used as the means for attaining ultrahigh vacuum in various 
fields, including the nuclear fusion field that utilizes accelerators, 
the field of semiconductor manufacturing apparatuses, typical examples 
of which are CVD and sputtering devices, the field of large analytical 
instrumentation, etc. In the prior-art TMPs, the rotors are supported 
by bearings. In contrast, for the purpose of achieving a high rotation 
speed and oil-free operation, the recent TMPs employ magnetic bearings 
(101, 102, 103), as shown in Fig. 6, instead of bearings so as to make 
it possible to support the rotor (104) without making contact. 
Reference numerals 101 and 102 indicate active radial magnetic 
bearings, and 103 is an active thrust magnetic bearing. In order to 
control these bearings (101 through 103), a displacement sensor (101a, 
102a, or 103a) is placed near each bearing and detects a minute space 
between the bearings, and the detection values are input to a bearing 
control section (104), such as the one shown in Fig. 5. The bearing 
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control section (104) is so configured that it can amplify the 
detection values input from the displacement sensors (101a through 
103a) by an amplifier (104a) and convert them to differential /728 
correction signals by a controller (104b), thus applying a driving 
voltage to the electromagnet of each magnetic bearing (101 through 
103) by means of a driver (104c) . 

In order to drive the high-frequency motor (111), an inverter 
(105) that can vary its oscillation frequency and output voltage is 
provided, and it forms a sequence control system together with an OR 
circuit (106) . The TMP (100) is activated when an activation command 
is input to this inverter (105) and braked when a stop command is 
input to the OR circuit (106). 

The point that requires the most attention with respect to this 
type of TMP is to avoid the situation in which, when the whirling of 
the shaft becomes excessive, the rotor (104) makes solid-contact with 
the stator side, thus damaging the bearings (touchdown damage) . 
Accordingly, the detection values of the displacement sensors (101a 
through 103a) are compared with the preset value in the comparator 
(107), and, when the bearing control voltage exceeds the preset value 
for a given period of time, the abnormality-processing circuit (108) 
is switched to the stop mode. The abnormality-processing circuit (108) 
in the stop mode causes the abnormality indicator lamp (109) to light 
up and, at the same time, inputs a stop command to the aforesaid OR 



circuit (106) . Furthermore, as other protective functions, when the 
thermal protector (110) provided inside the TMP (100) detects 
temperature abnormality or when the comparator (113) connected to the 
inverter (105) via the F/V converter (112) detects abnormality of the 
inverter's oscillation frequency after a given start-up time set by 
the timer (114), the aforesaid abnormality-processing circuit (108) is 
switched to the stop mode. 

[Problems that the Invention Intends to Solve] 

Existing TMPs, however, have the problem that it is extremely 
difficult to predict performance deterioration before any accident 
occurs. Even if TMPs are inspected periodically, there are a wide 
range of points to be inspected, including the rigidity and load 
balance of the rotor, fluid-system passages [sic], such as valves, 
etc., appropriateness of the control coefficients, degree of motor 
fatigue, and so forth. Therefore, it is nearly impossible to check 
every item during each inspection. In addition, like load unbalance 
caused by rotor deformation, there are factors that cannot be detected 
by inspections conducted while TMPs are still. Therefore, even if 
performance deterioration is gradually progressing, TMPs continue to 
be operated unless a serious malfunction that triggers a protective 
function occurs or unless a sudden accident occurs, and the 
indications of performance deterioration are also hard to detect. 
Furthermore, there is also another problem with existing TMPs that it 



is extremely difficult to investigate the cause of abnormality after 
an accident has occurred. 

The present invention was achieved, focusing attention on these 
problems, and it intends to realize a TMP system that can accurately 
detect gradually progressing performance deterioration as well as 
concrete indications thereof so as to make it possible to implement 
positive preventive repair. 
[Means of Solving the Problems] 

In order to achieve the aforesaid objective, the present 
invention employs the following configuration. 

That is, the TMP system of the present invention is, as shown in 
Fig. 1, characterized by being equipped with a vibration detection 
means (2) for detecting vibration components by measuring the axial 
displacement of the TMP (1) and analyzing it by means of spectral 
analysis; a revolution-number detection means (3) for detecting the 
number of revolutions of the shaft of the aforesaid TMP (1); a 
pressure detection means (4) for detecting the internal pressure of 
the TMP (1); a temperature detection means (5) for detecting the 
internal temperature of the TMP (1); a comparison means (6) for 
receiving the detection values from these detection means and 
comparing them with the preset abnormality-determination reference 
values; a storage means (7) for retaining the values that are 
determined to be abnormal by this comparison means; and a warning 



means (8) for issuing a warning output when the number of abnormality 
decisions made by the comparison means (6) has exceeded the allowable 
number of times. 
[Operation] 

Axial displacement occurs as a result of the synthesis of a basic 
vibration component having a frequency equal to the actual [sic] 
number of revolutions, a harmonic vibration component having an 
integral multiple of the aforesaid frequency, and, in some cases, a 
vibration component that appears in a frequency range that is 
different from these, and the development of any one of these 
vibration components leads to increased whirling, which is a dangerous 
situation. A TMP has a characteristic value at which it inherently 
generates vibrations most readily. When the number of axial 
revolutions approaches the characteristic vibration frequency, 
resonance occurs, and, as a result, the vibrational amplitude could /729 
increase suddenly. Meanwhile, when the pressure or temperature inside 
a TMP suddenly increases, a sudden air inrush or motor burnout could 
be expected to occur in the near future. 

Accordingly, by reading data related closely to these accidents 
from each detection means, by determining by the comparison means 
whether it is abnormal or not, and by issuing an alarm by a warning- 
means when abnormality detection values have occurred frequently 
beyond the allowable number of times while the TMP is operated, the 



presence of performance deterioration can be detected before it leads 
to a serious accident. Furthermore, because the storage means retains 
the detection values that are determined abnormal, the section that 
should be repaired can be determined relatively easily. 
[Embodiments] 

The following explains one embodiment of the present invention, 
referring to figures. 

Figure 2 illustrates the magnetic-bearing TMP system of the 
present embodiment. In this figure, a magnetic bearing (12), which is 
driven by the bearing control section (11), a displacement sensor (13) 
for detecting minute spacing of the bearing (12), and a high-frequency 
motor (15), which is driven by the motor-driving section (14), are 
incorporated inside a TMP (1), and, with respect to this point, this 
embodiment is the same as the prior art shown in Fig. 5. In order to 
detect the number of revolutions, pressure, and temperature inside the 
TMP (1), a revolution sensor (16), a pressure sensor (17), and 
temperature sensor (18) are placed inside the TMP. 

More specifically, in the bearing control section (11), the 
detection value read from the displacement sensor (13) is amplified by 
the amplifier (11a) and converted to a differential correction signal 
by the controller (lib), thus applying by means of the driver (11c) a 
driving voltage to the electromagnet that constitutes the magnetic 
bearing (12) . This configuration is provided for five active shafts 
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individually. The motor-driving section (14) forms a sequence control 
system from an inverter (14a) that can vary its oscillation frequency 
and output voltage and an OR circuit (14b), and it is configured in 
such a manner that, when it receives an activation command from an 
external section, it activates the TMP (1) and that, when a stop 
command is input to the OR circuit (14b), it applies a brake. A stop 
command can be given either by an input operation or by a signal of 
the abnormality-processing circuit (24) described later. 

The data-processing section (20) has a preprocessing circuit (21), 
A/D [analog-to-digital] converter (22), and counter (23). The A/D 
converter (22) receives the detection value of the aforesaid 
displacement sensor (13) via the preprocessing circuit (21) and also 
receives the detection values of the temperature sensor (18) and 
pressure sensor (17) directly. In other words, the pressure sensor 
(17) and the A/D converter (22) constitute the pressure detection 
means of the present invention, and the temperature sensor (18) and 
the A/D converter (22) constitute the temperature detection means of 
the present invention. The preprocessing circuit (21) is comprised of 
BPFs (band-pass filters) (21a, 21b) for filtering the detection values 
of the displacement sensor (13) into two kinds of frequency ranges by 
means of spectral analysis and of peak-hold circuits (21c, 21d) that 
are connected to these filters (21a, 21b) , and voltages proportional 
to the amplitudes of both frequency ranges are input to the A/D 
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converter (22). In other words, the displacement sensor (13), 
amplifier (11a) , and data-processing section (20) constitute the 
vibration detection means of the present invention. In addition, the 
detection value of the revolution sensor (16) is input to the counter 
(23) together with the oscillation frequency of the inverter (14a), 
and these constitute the revolution-number detection means of the 
present invention. The abnormality-processing circuit (24) receives a 
signal from the comparator (lid) connected to the output end of the 
amplifier (11a) when the bearing control voltage exceeds a preset 
value, and, when this condition continues for a predetermined time, 
this circuit causes the abnormality indicator lamp (25) to light up 
and, at the same time, outputs the stop command to the aforesaid OR 
circuit . 

Then, the output of the aforesaid A/D converter (22), together 
with the output of the counter (23), is input to a microcomputer (26), 
which is the comparison means of the present invention. This 
microcomputer (26) is a known type, equipped with a CPU (26a) , ROM 
(26b), RAM (26c), and interface (26d) , and a program for controlling 
the CPU (26a) is written in ROM (26b). The RAM (26c) stores the 
abnormality-determination reference value for each type of detection 
value, and it provides a short-term data area and an abnormality data 
area that functions as the storage means of the present invention. /7 
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The CPU (2 6a) processes data read from the A/D converter (22) and the 
counter (23) consecutively according to the program stored in the ROM 
(2 6b) and also reads time information and date data as necessary from 
the calendar timer (27) or activates the printer (28) to produce a 
hard copy of the abnormality data stored in the RAM (26c) . Printing is 
implemented by a print command. In addition, a repair-warning lamp 
(29) , which functions as the warning means of the present invention, 
is connected to the microcomputer (26); thus, the lighting command can 
be output from the aforesaid CPU (2 6a) as appropriate. 

When the program written in the ROM (26b) is presented in the 
form of a flowchart, one shown in Fig. 3 is obtained. The following 
explains the operation of the present embodiment in reference to this 
figure. When the program is initiated, various kinds of data are read 
in step SI and stored in the short-term data area in the subsequent 
step S2, and, in this process, if the amount of data exceeds the 
memory capacity, the oldest data is discarded. Next, various kinds of 
data are compared with the abnormality-determination reference values 
in step S3, and, if they are found to be normal values, the process 
returns to the beginning. On the other hand, if they are found to be 
abnormal values, time information, such as date, time, etc., is read 
from the calendar timer in step S4 and stored together with the 
abnormal values in the abnormality data area in step S5. Here, the 
number of abnormality determinations is counted for each detection 
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object, and it is checked to see whether the count value has reached 
the preset allowable number (N) of times (for example, 10 times) . If 
the count value is within the allowable number (N) of times, the 
process skips to step S8 directly, and, if it has reached the 
allowable number (N) of times, the repair-warning lamp (29) is lighted 
in step S7, and the process then proceeds to step S8 . In step S8, it 
is checked to see if there is a print command or not, and, if so, 
printing is carried out in step S9, after which the program is 
finished. If there is no print command, the program comes to end 
directly. 

With the aforesaid configuration, a repair warning is given when 
abnormal values have appeared more often than the allowable number of 
times with respect to a certain detection value; therefore, 
performance deterioration can be detected in advance. In this case, if 
there is a print command, the abnormality data is printed. Even if it 
is not printed, the user can check the abnormality data stored in the 
RAM (2 6c) upon seeing the lighting of the repair-warning lamp (29) . 
Therefore, the user can have a concrete understanding of the location 
and condition of performance deterioration. As a result, positive 
repair can be implemented before the TMP has a serious accident; thus, 
the present invention achieves convenience in maintenance and 
improvement in reliability of the TMP. 
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Incidentally, the present invention may also be configured so as 
to print out abnormal values in real time, without storing them in the 
short-term area or abnormality data area. In this case, the hard copy 
produced by the printer functions as the storage means of the present 
invention. When TMPs are operated in parallel, the present system can 
be used for centralized control of these TMPs. Besides these, various 
modifications can be introduced to the configuration, etc., of each 
component within the scope of the present invention. 
[Effects of the Invention] 

The TMP system of the present invention gives a warning for 
performance deterioration before it has a serious accident and stores 
the abnormal detection values; thus, it facilitates repair and 
improves the reliability of the TMP. 
4. Brief Explanation of the Drawings 

Figure 1 is a structural explanatory drawing illustrating the TMP 
system of the present invention. Figures 2 and 3 illustrate one 
embodiment of the present invention, Fig. 2 being a circuit drawing 
and Fig. 3 being a flowchart. Figures 4 and 5 illustrate a prior-art 
example, Fig. 4 being a vertical cross-section of the TMP and Fig. 5 
being a circuit drawing corresponding to Fig. 2. 

1 TMP 

2 vibration detection means 

3 revolution-number detection means 
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4 pressure detection means 

5 temperature detection means 

6 comparison means 

7 storage means 

8 warning means 
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[FIG. 1] [FIG. 3] 




Key: a) start; b) normal value; c) abnormal value; d) allowable number 
of times; SI) read various types of data; S2) store in short-term data 
area (discard the oldest data); S3) comparison operation with preset 
value; S4) read calendar timer; S5) store the date and abnormal data 
in abnormal data area; S6) number of abnormal data readings; S7) 
output repair warning; S8) print-out command; S9) printing. 



[FIG. 2] 
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Key: a) stop command; b) activation command; c) print command; d) 
temperature sensor; 1) turbomolecular pump; 11) bearing control 
section; 11a) amplifier: lib) controller; 11c) driver; lid) 
comparator; 12) magnetic bearing (electromagnet); 13) displacement 
sensor; 14) motor-driving section; 14a) inverter; 15) high-frequency 
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motor; 16) revolution sensor; 17) pressure sensor; 18) temperature 
sensor; 20) data-processing section; 21c, d) peak-hold circuit; 22) 
A/D converter; 23) counter; 24) abnormality-processing circuit; 25) 
abnormality indicator lamp; 26) microcomputer; 27) calendar timer; 28) 
printer; 29) repair-notice lamp. 

7732 

(FIG. 4] 




[FIG. 5] 
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Key: a) oscillation frequency; b) stop command; c) activation command; 
101-103) magnetic bearing (electromagnet); 101a-103a) displacement 
sensor; 104) bearing control section; 104a) amplifier; 104b) 
controller; 104c) driver; 105) inverter; 107) comparator; 108) 
abnormality-processing circuit; 109) abnormality indicator lamp; 110) 
thermal protector; 111) high-frequency motor; 112) F/V converter; 113) 
comparator; 114) timer. 
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